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APPENDIX A

BOARD APPOINTMENT MEMORANDUM

Department of Energy
Washington, DC 20588

December 10, 1999

MEMORANDUM FOR: G. LEAH DEVER, MANAGER
OAK RIDGE OPERATIONS OFFICE

FROM: DAVID MICHAELS, PhD, MPH /\/ %
ASSISTANT SECRETARY

ENVIRONMENT, SAFETY AND HEALTH

SUBJECT: Investigation of the December 8, 1999, Chemical Explosion at
the Y-12 Plant, Oak Ridge, Tennessee

[ hereby establish a Type A Accident Investigation Board to investigate the December 8, 1999,
Chemical Explosion at the Y-12 Plant. I have determined that it meets the requirements for a Type
A investigation consistent with DOE Order 225, 1A, Accident Investigations.

My office will lead the investigation, with the Board chaired by a member of my management staff,
I appoint Dr. S. David Stadler, Acting Deputy Assistant Secretary for Oversight, as the Accident
Investigation Board Chairperson. The Board will be composed of the following members. Chip
Legdon, ES&H Evaluations; William Miller, ES&H Evaluations; Pete O'Connell, Worker
Protection Programs and Hazards Management; and Bruce Breslau, ES&H Evaluations. A
representative from the Office of Defense Programs will also be designated 10 serve on the
Accident Investigation Board The Board will be assisted in the investigation by advisors and other
personnel as deemed necessary by the Board Chairperson.

The scope of the Board's investigation will include, but not be limited to, analyzing causal factors,
identifying root causes resulting in the accident, and determining Judgements of Need to prevent
recurrence. The investigation will be conducted in accordance with DOE Order 225 1A. The
investigation and analyses will be conducted within the framcwork of the Department's Intcgrated
Safety Management Policy to assure maximum benefit to improviag safety and sharing lessons
learned throughout the complex.

The Board will provide my office with periodic reports on the status and progress of the
investigation. These reports should not include any findings or arrive at any premature conclusions
until an analysis of all the causal factors has been completed. Discussions of the investigation and
copies of the draft report will be controlled until I accept and authorize release of the final report.
The final report should be provided to my office by February 18, 2000.

cc. T. Gioconda, DP-1
D. Stadler, EH-2

J. Fitzgoraid, EH-5

C. Huntoon, EM-1

W. Magwood, NE-1

R. Poe, OR

J. Mullins, OR Al POC




APPENDIX B

APPLICATION OF ANALYSIS

B-1. Causal Factors Analysis

A complete causal factors analysis was performed
to evaluate the causal factors of the accident, including
the direct cause, root causes, and contributing causes.
The analytical techniques that were used were events
and causal factors charting and analysis, barrier analysis,
and change analysis. Tdigect causeof the incident
is the immediate events or conditions that caused the
accident. Root causesare the causal factors that, if
corrected, would prevent recurrence of this and similar
incidents. Contributing causesare other events and
conditions that collectively with other causes increased
the likelihood of an accident but individually did not
cause the accident.

The direct causeof the explosion and resulting
injuries was the disturbance (impact with a steel probe)
of an unrecognized and unanalyzed shock-sensitive
explosive compound (consisting of potassium superoxide
and mineral oil) that was formed when mineral oil was
inappropriately sprayed on a previous NaK spill.

Section 3 of the report presents the analysis of the
various safety-related processes and systems and
identifies the contributing causes of the accident. Root
cause analysis of these contributing causes rolls them
up to higher-level root causes, which are listed, along

METHODS AND TOOLS

with a short discussion of each, in Table B-1. Figure
B-1 shows the contributing causes and most-directly-
related root causes. Figure B-2 shows an events and
causal factors chart for this accident.

B-2. Barrier Analysis

Barrier analysis identifies three types of barriers
associated with the accident: (a) administrative barriers,
(b) management barriers, and (c) physical barriers. A
barrier is defined as anything that is used to control,
prevent, or impede process or physical energy flows
and that is intended to protect a person or object from
hazards. Barriers that either failed or were missing
led to the accident. Successful performance by any of
these barriers would have prevented or mitigated the
severity of the accident. The barriers that failed are
summarized in Table B-2.

B-3. Change Analysis

Change analysis identifies changes or differences
that might have affected the accident. These were
analyzed to determine whether the change or difference
might have contributed to the accident. The results of
this analysis are shown in Table B-3.




Table B-1. Root Cause Analysis

Root Causes

Discussion

LMES failed to establish, seek, or maintain an adequate |
of knowledge and competence on the hazards assoc
with NakK, including the formation of superoxide, th
incompatibility of superoxide and organics, and the explog
sensitivity of the mixture to impact or shock.

evéhere was an overall lack of technical competence &

e superoxide, mineral oil, and shock or impact. There w
ivalso a failure to establish or maintain competence in
hazards associated with NaK through the available literat
technical expertise, or training. There was an overrelia
on the skill of the craft and the knowledge of select
individuals and a reluctance to get additional expertise
help.

atkdowledge related to the interactive hazard involving NaK,

and

as
he
ure,
nce
ed
to

LMES'’s implementation of the hazard analysis and con
processes failed to identify, prevent, or mitigate the explos
interaction of potassium superoxide, mineral oil, and imp
The NaK Material Safety Data Sheet was not used.

roMany aspects of the hazard analysis and control prog
siveailed for both the December 1 spill and the Decembe
acexplosion. No formal hazard analysis was performed for

MSDSs and other standard references were not utilize
identify the presence of superoxide and the importance
not adding mineral oil. There was a failure to comply wi
the NaK MSDS'’s warning on the formation of potassiu
superoxide and its incompatibility with organics. There w
a failure to obtain the technical safety basis before spray
mineral oil onto an NaK spill containing potassiur
superoxide.

ess
r 8
the

spill recovery that led to the December 8 explosion, and

d to
of
th
m
as

ing

LMES management systems and processes did not a
adequate procedures or controls to prevent the los
system configuration control resulting in an NaK spill or
preclude the addition of mineral oil and impact in the prese
of potassium superoxide during NaK spill recovery.

ssif@eny processes and procedures were incorrec

s ghplemented, not implemented, or incorrectly writte

toProcedures were not adequately categorized, verified,

ncealidated; changes were not adequately controlled; arn
“plan,” which is not an authorized LMES mechanism, w
used to control a hazardous work activity. Senior facil
management was not adequately involved in the revi
and approval of procedures and revisions.

LMES management failed to effectively communicate
utilize information from the hazard screening evaluati

lessons learned, previous events and accidents, studissiperoxide and organics.
analyses, and publications in planning and controlling thisommunicated or utilized by LMES in preparing the wo

work and the associated hazards to worker health and s
Knowledge of this hazard and expertise to address it v
readily available at the Oak Ridge Reservation and o
DOE sites.

oMany textbooks, analyses, and previous accide
ndocumented the explosive incompatibilities of potassiu
This information was n

fetgtivity or recovery plan. The 9720-27 hazard screen
evaluation actually documented the superoxide-orga
herxplosive interaction and shock sensitivity, but t
information from Facility Safety Engineering was ng
communicated or effectively utilized by LMES manageme

nts
m
ot
k
ng
nic
e
t
nt.

OR, YSO, and LMES have not established or assured a s
culture that implements an ISM process in which work
are consistently held accountable for adherence
procedures and hazard controls and are willing to stop W
and seek management and technical assistance V

procedures do not work or abnormal conditions arer when unusual conditions, such as a low NaK sump le

encountered.

aféfihe overall ISM system failed because DUO still was usi
erexpert-based systems (skill of the craft) instead of followi

tiSM system procedures and control. Work should h3
otteen stopped, a hazard analysis performed, and manage
vhapproval obtained when procedures did not work as writ

or suspected superoxides, were encountered.

ng
ng
ve
ment
en
vel




Table B-1. Root Cause Analysis (Continued)

Root Causes

Discussion

LMES’s management systems and processes were
effective in assuring the provisions for and use
appropriate personal protective equipment for working w
a pyrophoric liquid metal and protecting against thermal
caustic chemical burns and the inhalation of toxic &
radioactive smoke.

documented analyses.

néppropriate PPE that could have prevented or reduced
ofseverity of the injuries, including thermal burns, chemic
iturns, and toxic chemical and radiological uptakes, is defined
hnd LMES accident lessons-learned documents, OSH
ndequirements, and NaK MSDSs. The selection of PPE

the day of the accident or for other preliminary activitié

was not based on these requirements or on sound

the
al

1A
on
S
and




Contributing Causes

Root Causes

Y-12 Plant management systems ar|d
processes were not effective in ensuring

the availability and use of PPE that
was appropriate for work activities
involving pyrophoric reactive liquid
metals and for protection against
thermal burns, caustic chemical bur|
and inhalation of toxic and radioactivj
smoke.

—>

»

()

Deficiencies in emergency planning g
facility fire systems, including trainin
on fire fighting and staging of safety
equipment (safety shower berms and
NaK suits), could have aggravated

LMES management systems and
processes were not effective in assurin
the provisions for and use of appropri-

Contributing Causes

ate personal protective equipment for
working with a pyrophoric liquid metal

and protecting against thermal and
caustic chemical burns and the
inhalation of toxic and radioactive
smoke.

Processes for developing, reviewing
verifying, and validating procedures
were not adequate to detect signific
procedural errors and identify and
control hazards.

BNt

conditions and injuries.

Deficiencies in the facility design and|
configuration control of systems and
equipment, including fire protection
systems and berms, caused addition]
difficulty in responding to the accide
and could have made the accident
worse.

LMES management systems and proce:ls(;—‘

did not assure adequate procedures or
controls to prevent the loss of system <
configuration control resulting in an NaK

spill or to preclude the addition of minerjl
oil and impact in the presence of potasg @

Conduct of operations, including
procedure adherence, procedure chal
control, stop work, system configura
tion control, investigation, and
reporting, was not implemented as
required and was not adequate to
control hazards.

ge

superoxide during NaK spill recovery.

—

OSHA, DOE, and site requirements
related to worker safety were not
effectively implemented in the areas
hazard communication, hazard
identification, job hazard analysis, af

industrial safety and health procedur
permits.

LMES’s implementation of the hazard
analysis and control processes failed to
identify, prevent, or mitigate the

Work planning processes at the facil
level are not being implemented witlj
the rigor, detail, and formality requirg
by the core functions of ISM.

[}

explosive interaction of potassium
superoxide, mineral oil, and impact. Th
NaK Material Safety Data Sheet was no
used.

Training programs, including trainin
documents, formal training, and OJ
have not been effective in ensuring tl
personnel with safety-related
responsibilities have current training
on NaK systems and that they
understand the hazards associated
incompatible chemicals, such as
superoxides and mineral oil.

hat

th

An incompatible chemical (mineral
oil) was added to a material that wa:
not fully characterized but that was
suspected to include superoxides,
creating an explosive mixture.

LMES failed to establish, seek, or

sin

maintain an adequate level of knowledg
and competence on the hazards associ
ated with NaK, including the formation
of superoxide, the incompatibility of
superoxide and organics, and the
explosive sensitivity of the mixture to
impact or shock.

The authorization basis and USQD
processes were not sufficiently rigord
to identify hazardous conditions.

Management at all levels (OR, YS{
senior LMES management, and DU
management above the operation
management level) did not maintai
an adequate awareness of the activi
and safety-related incidents under th
areas of responsibility and did not
ensure that adequate feedback
mechanisms were in place.

ies
ir

o]

OR, YSO, and LMES have not estab-
lished or assured a safety culture that

implements an ISM process in which
workers are consistently held account-
able for adherence to procedures and
hazard controls and are willing to stop
work and seek management and
technical assistance when procedures (
not work or abnormal conditions are
encountered.

—

The OSB was not effective in

implementing its roles and
responsibilities for crucible changeo
and spill recovery.

—_

DUO management at every level,
facility management, and technical
support (e.g., industrial hygiene and|
engineering) personnel did not
demonstrate the technical competen
or initiative to challenge unsupporte
assumptions about work practices
(e.g., the use of oil), to seek
information about hazardous materig
or to seek additional information and
or specialized assistance when unusg
conditions were encountered.

s,

Lal

LMES management failed to effectively
communicate or utilize information fronl
the hazard screening evaluation, lesson|

learned, previous events and accidents,
studies, analyses, and publications in
planning and controlling this work and
the associated hazards to worker health
and safety. Knowledge of this hazard a
expertise to address it were readily
available at the Oak Ridge Reservation

—

LMES management did not effective
utilize the lessons-learned program
apply information on the hazards
related to work activities and
operations and to ensure that
deficiencies were corrected.

and other DOE sites.

Figure B-1. Root and Contributing Causes
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Prevent
build-up of

NaK oxides

Corrective
actions
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Lessons
Learned

Program
utilization
inadequate
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immediately
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Manual
ineffective for
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manual out
of date and
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Does not
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mineral oil
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Loss of supervisors &
skilled workers
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from 2100
people to

Corrective
actions not
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Lessons
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management

Funding for
safety
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(mission vs.
safety)

No training
on
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and NaK
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job briefings

Operations
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implementation

Oxide control
Arc melter
: system
installed [—
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1970, 1971
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1972 &
1974
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conduit NaK spill
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1976 1980's

Crucible Changeout

| | Procedure requires NaK

heatup prior to draining
Jan 10, 1983

90 people of corrective
. - Hazard Screen DUO had NO
| | sr:lj“li:p:ri m’\‘aan}fjalﬁlsnslsgd | | Analysis for 9201-5| | mission | | NaK accident
1p986 Jan 18, 1988 Arc Melt Operations Dec 1989 - Dec 18,1992
' Jan 25,1991 Dec 1994
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provide funding
to sustain
process
development,

Process
was never
funded

Non-NaK
process

skill of the
craft for
maintenance

Chemical
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address
superoxide,
oil

Lessons
Learned were
not
communicated

LMES to
inventory
chemicals

Reviewed
training
records -

Information was
not
communicated or
used at other
buildings

Identified NaK as
shock sensitive
and reactive with
organic materials

Missed
opportunity to
identify NaK
hazards
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hazards and
consequences
of NaK

Hazard analysis
deficiencies and
ineffective flow-
down of procedure
requirements

Inadequate
supervisor,

emergency
response, and
ES&H training,

Missed
opportunity to
identify
hazards

Implementing
procedures are
missing,
incomplete, or
inconsistent

Corrective
Actions were
not identified

Management
missed
opportunity to
identify hazards

No QA
involvement

Error for
dump valve
was not
identified

Comments
were
extensive

Lack of Mgmt.
and QA
involvement

Operation
Safety Board
did not review

procedure

Procedure did
not address
superoxide & oil
reaction hazard

Procedure
written without
expertise in
some areas

A Alternate process
R recelved_(meltlng ||
uranium)
1993

Crucible
change-out
performed
1993

NOT NaK
Occurrence DUO
in France -
M . — restarted
Na accident 1995
1994

Hazard Screen
performed for anothe
building at Y-12
1997

Facility Hazards

Oversight Analysis;

Assessment of the effectivenesg |
conducted for 9201-5 of ISM performed
June 2, 1998 Oct 1998

Crucible change|
out procedure
validated
May 1999

Procedure issued fo

skull caster furnace

crucible change-out
June 23, 1999

Figure B-2. Events and Causal Factors Chart
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loe)

Missed
opportunity to
identify
hazards and
proper PPE

Discussed
1992 accident

Management
not involved

IH not aware of
any NaK safety

issues or any
lessons learned

PPE issued
for Rad

purposes
instead of
safety/IH

JHA only
considered
reactions with
water not air

Did not utilize
lessons learned
from previous
events

No one had or
was aware of
any formal
NaK training

aK training
is based on
past history
and job
experience

Pre Job
briefing did
not discuss
hazards and
emergency

IH not
involved with
Pre Job Brief

No QA
involvement

Procedure
change made
without
review/
approval

Did not follow
procedure

Purged 3-5
minutes
(procedure
required 15
minutes)

in the storage
reservoir did
not rise as

expected

Meeting to General RWP issued Job package Job hazard analysis . Radcon - Crucible was
. X . . Crucible change - Furnace Expansion tank . C
discuss aspects for surveillance in instructions performed for . PreJob Briefing purged with Argon
R = — 7 ; — evolution began — — heated to 200- —{ successfully —
of job 9201-5 issued crucible changeout Dec 1, 1999 Dec 1, 1999 250 F drained to force NaK out of
Oct 1999 Oct 7, 1999 Nov 1, 1999 Nov 1999 ' 7:30 - 8:00 chamber
PPE
inadequate No upper level
no respirator management
or NaK suit involvement
worn
Observed
. . . white, flaky,
Did notéollow kill pf the craft Normally would Failure to powdery
procedure maintenance clean up report near
not used to . i substance
: procedures did miss
using not allow it
procedures
Workers had Corrective
i actions and
_ not used Spill was not Opened lid
4 inch procedure Closure of reported to Operations root cause
discrepancy valve is not PSS immediately determination
covered in stopped inadequate
procedure
reheat Nak e a‘:j]d rets\r/':rme?an No pre-job
No argon and re- Did not superoxide 2-3 gallons overy p briefing
blankget perform close valve formed NaK spilled wnhost a conducted
procedure (heated) procedure
Lower door and . - . . D
upper lid opened Superwsqr and Plpeifmer‘ removed a Nak spill Argon and Nak] NaK emptied into| Closed Management Malntgnance
' 1 others decided to — quick-disconnect sprayed out of — bottom of the [~ furnace and [ X . —1 and Writer Re-+—»
sump level was Occurred review of spill

measured

STOP procedure argon fitting (hose)

opening

furnace chamber|

added argon

enter Spill area|

Figure B-2. Events and Causal Factors Chart (Continued)




No lessons
learned
incorporated
from 1992
events

No hazard
analysis- first
time to use
sprayer

No QA or
Management
Review/
Signoff

Team Did not use

Inadequate suspected F’:ilure to %et PPE per
approach to superoxide, gmt., QA, crucible
work/hazard use of mineral and DOE change
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oil incorrect procedure

No

Reactions management

No QA or USQ review

No job hazard

- were ;

manalgemen[ DISI[InCt );ellov;/ contained. detetrtrmged |nvo|vemdent No NaK analysis

m\;:)e\\jieewve;m on top of poo controlled nnoeege(je (reviewed at reactions conducted
with argon noted

Based on

Performed by successful
. NaK
Ops and Covered like reactions, H did not Operations clean-up and Plan not ;:ﬁo‘é?é
Maintenance fine white black smoke look at RWP mgr and PE removal Lid opened written to be a and permits
with spill occurred open lid activities from procedure

were available

experience the 80's

D Recovery vMaint. took ‘Area checked, _ Job specific RWP Argon pressure NaK recovery plan Sprayed_ furnace Final copy of Team proceeded
—»| plan started |—]| pictures of the | |mineral oil sprayed| |issued for skull c_aster L] checked | | sentoutfor 7surfa_ce with mineral| | recovery plan | |to process area -
Dec 2, 1999 furnace on furnace surface furnace operations Dec 5, 1999; approval oil, completed issued Dec 8, 1999;
! Dec 3, 1999 Dec 3, 1999 Dec 3, 1999 1100 Dec 6, 1999; 1207 Dec 6, 1999 Dec 7, 1999 0715

Fire fighting
equipment
was not
discussed

Proper PPE
for task NOT
worn

IH and PE

aware of

potential failure to

hazards of recognize
superoxide and hazard

hydrogen

Did not
discuss
hazards and
emergency
response

Personnel

Vacuumed

h_at_J no Job meeting some oxide Operator had
training or held (residue, NaK to bend over
awareness of oxide, and to reach

of NaK

mineral oil)

Sprayer
adjusted for
maximum

pressure and
very fine
spray

Operators
assembled at
platform

IH not at
prejob briefing

No free NaK a few inches
was visible above the
surface of the
furnace

Mineral oil
sprayed

Job

2

A A h .
assignment Sszf:tebzec‘;ﬁ‘: 2 gallone. Tool was too maintenance Steel probe
Wasvfast at don Lid 1/4 open Lid 1/2 open sprayed since flimsy at the workers left to used to lift up
i end make a longer crust
discussed respirators Dec 3 handle ’

E Prejob briefing Team entered Vacuum rig used to Stainless steel Another rod used to
. . . . Short tool was Operator used
» conducted | | ArcMeltArea | |vacuum free NaKon| | probeusedto | | Mineraloil | |Iliftcrusttodetermine | | used again to || stainless steel probe
Dec 8, 1999 Dec 8, 1999; furnace floor break up NaK crust sprayed if they could see break up crust {0 break up crust
ended at 0800 0830 0915 0932 unreacted NaK P P

Figure B-2. Events and Causal Factors Chart (Continued)
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the furnace
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material to
stop water
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west
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Figure B-2. Events and Causal Factors Chart (Continued)
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Table B-2. Barrier Analysis Summary

Administrative

Pre-Job Briefing

Procedures

Procedure Verification and Validation

ORPS/Accident Reporting

Material Safety Data Sheets and Reference Documents
Job Hazards Analysis

Skill of the Craft

Management

Training

Operational Safety Board

Integrated Safety Management Process
Lessons Learned/Corrective Actions
Communication

Physical

Personal Protective Equipment

Configuration Control — Oxide Control and Indication System
Tools

Anti-oxidation Material — Met-L-X vs. Mineral Oil

NaK System Piping — Configuration Management




Table B-

3. Change Analysis

Change or Difference

Analysis

Planned/Normal

Present

Difference

Analysis

Maintenance workers
perform maintenance
activities while supervised by
maintenance supervision.

Maintenance workers were
performing operator

functions and were supervise)
by operations.

Maintenance workers
performed a task that was
dnormally performed by an
individual with expertise in
operations. Maintenance
work is not procedure drive

Maintenance personnel are not adequately
trained to be aware of the hazards of NaK
the requirements for following procedures.
Maintenance personnel did not have the
same level of training or experience in the
.identification and hazards of NaK or the
equipment. Maintenance work usually
involves expert-based routine work.

NaK is submerged in minera
oil. (According to reference
books and the MSDS, this is
for long-term storage and
must not be used if
superoxide is present.)

A fine spray of mineral oil
was used on the NaK.

Mineral oil was sprayed on
the NaK as a fine mist.

The use of mineral oil is not recommended
for NaK and creates a shock-sensitive
explosive when superoxides are present.

A clearly written recovery
procedure is written for the
cleanup work to be
performed.

The activity was performed
by use of an informal
“recovery plan.”

The level of review for the
informal “recovery plan” is
not as rigorous as for a
procedure.

The informal “recovery plan” was not
reviewed and validated, and not all hazards
and emergency response actions were
identified and mitigated. A formal job haza
analysis was not prepared.

o

PPE requirements for
recovery specify an NaK su
for any work that has a
potential to come in contac
with NakK.

Workers wore only anti-
it contamination work
coveralls.

t

Workers were not protected
against the NaK.

The NaK suits could have reduced the
seriousness of the burns caused by the
explosion. The procedures clearly state thal
an NaK suit should be worn.

t

PPE requirements specify

that flame-retardant cover-
alls be worn in the arc melte
area.

Workers wore standard
coveralls or lab coats.
r

Following the explosion,
burning clothing caused son
burns.

The required use of flame-retardant covera
ewas dropped in the early 1990s for unkno
reasons.

S

=}

The crucible changeout
procedure contains a detailg
contingency plan for an Nal
spill.

The procedure contained
dinadequate contingency plan
and the spill was to be
cleaned up seven days later.
Mineral oil used to “slow”
oxidation created an impact-
sensitive explosive mixture.

The contingency plan in th
s procedure to clean up the
NaK spill was inadequate.

using the procedures
recommended in the MSDS
The MSDS recommends
immediate cleanup using
Met-L-X or other powdered
extinguishing agents.

The spill was not cleaned up high, according to past experience.

> No adequate spill contingency plan was
written into the changeout procedure. Thg
likelihood of an NaK leak or spill is fairly

Workers are adequately
trained to perform NaK
work.

Workers were not trained an
did not understand that
mineral oil and NaK creates
shock-sensitive mixture if
superoxide is present.

i Workers did not fully
understand the hazards and
a chemistry of NakK.

There was an overall lack of training in and
awareness of the hazards and chemistry of
NaK and superoxide.

Job hazard analysis identifie,
hazards, and no oil is added

s No job hazard analysis was
performed for the cleanup
recovery work.

Not all appropriate hazards
of the job were identified.

There was no formal job hazard analysis, &
the informal analyses failed to identify the
hazards associated with the superoxide,
resulting in hazardous work being performe
without appropriate PPE.

jon

December 1 Spill (Major
Changes)

The skull caster furnace
crucible changeout procedur
is performed as written.

The skull caster furnace
crucible changeout procedur
is followed step by step as
required for a Category |
procedure.

The procedure was validated
eand changed while work was
being performed.

The procedure was classified
eas a Category lll procedure.

The procedure was incorred
and work continued to be
performed. (See Section 3.2

The procedure was not
followed step by step, and
each step was not verified.

t This caused the December 1 spill.
)

This caused the December 1 spill.
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Abbreviations Used in This Report

ACGIH American Conference of Governmental Industrial Hygienists
BIO Basis for Interim Operation

CEDE Committed Effective Dose Equivalent

CFR Code of Federal Regulations

(6{0) Chemical Operator

DOE U.S. Department of Energy

DNFSB Defense Nuclear Facilities Safety Board
DP Office of Defense Programs

DUO Depleted Uranium Operations

EAP Employee Assistance Program

EH Office of Environment, Safety and Health
EOC Emergency Operations Center

ES&H Environment, Safety, and Health

FR Facility Representative

FS Front-line Supervisor

IDLH Immediately Dangerous to Life or Health

IH Industrial Hygienist

ISM Integrated Safety Management

JHA Job Hazard Analysis

LMES Lockheed Martin Energy Systems

MSDS Material Safety Data Sheet

NaK Sodium Potassium Alloy

NIOSHNational Institute for Occupational Safety and Health
OCl Oxide Control and Indication System

oJT On-the-Job Training

oM Operations Manager

OR Oak Ridge Operations Office

ORMMC Oak Ridge Methodist Medical Center

OSB Operational Safety Board

OSHA U.S. Occupational Safety and Health Administration
OSWP Operations Safety Work Permit

PE Process Engineer

PPE Personal Protective Equipment

PS Process Support Engineer

psi Pounds per Square Inch

PSS Plant Shift Superintendent

QA Quality Assurance

RCT Radiological Control Technician

REAC/TS Radiation Emergency Assistance Center/Training Site
RWP Radiological Work Permit

SAR Safety Analysis Report

SCBA Self-Contained Breathing Apparatus

TSC Technical Support Center

uSQ Unreviewed Safety Question

uSQD Unreviewed Safety Question Determination
YSO Y-12 Site Office
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